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48a Sunday, February 3, 2013two different structures. 1H-NMR studies have shown that either structure is
characterized by specific sets of salt bridges formed between residues on
both ab dimers, the so-called a1b2 (or a2b1) interdimeric interactions. The ac-
cepted consensus states that the structural change consists of a ~15rotation of
one dimer over the other when converting from ‘‘T’’ to ‘‘R’’, and vice versa,
whereas the ab dimers themselves do not experience any conformational
change, i.e., the a1b1 (or a2b2) interface remains unaltered. Functionally,
‘‘T’’ and ‘‘R’’ are characterized by low and high affinity for the ligand,
respectively.
In the present work, we have altered chemically this allegedly inert intradimeric
a1b1 interface and found striking functional changes that cannot be explained
in terms of the canonical allosteric model, yet ‘‘T’’ and ‘‘R’’ structural traits
were unequivocally present. This finding exemplifies the functional versatility
that a protein can attained, exceeding the limits of what is called ‘‘of physiolog-
ical significance’’. Experimental data that support this finding will be
presented.
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The Effect of Small Regulatory RNA on Globular Protein Aggregation
Jeremiah Babcock, Lorenzo Brancaleon.
University of Texas at San Antonio, San Antonio, TX, USA.
Small regulatory RNA segments, such as microRNA (miRNA) or silencing
RNA (siRNA) binding to proteins could effect the association mechanisms
of protein aggregation. Extended protein aggregation, known as fibrillization,
has links to degenerative diseases like Alzheimers or prion disease. The forma-
tion of fibrils is thought to be a non-specific property of proteins, and can be
demonstrated with well-known model globular proteins like serum albumin, ly-
sozyme, beta-lactoglobulin and the like. Much research has been devoted to this
field, but with the recent discovery of micro/silencing RNA, small regulatory
RNA generally less than 70 base pairs, the question arises on the effect of these
nucleic acids on the aggregation process behind fibril formation. Therefore, this
study attempted for the first time to probe two effects in the fibrillization pro-
cess: first, the binding affinity of the selected microRNA MIR106A to the
model proteins lysozyme and bovine serum albumin in fibril forming condi-
tions, and second, the long-term effect of the protein-nucleic acid complex
on the fibril formation process. Fluorescence spectroscopy, to include time-
resolved anisotropy decay of fluorescein or dansyl-labeled complexes, and siz-
ing techniques like atomic force microscopy to track aggregation patterns were
incorporated.
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Clarifying Alpha Crystallin Chaperone Function by using an Insulin
B-Chain Aggregation Model
Karen W. Cheng, Raysa G. Cabrejo, Alexander H. Pearlman,
James A. Hebda, Patricia B. O’Hara.
Amherst College, Amherst, MA, USA.
The crystallin family of proteins exist in high concentrations in the lens of the
eye by are also found throughout the body. In the lens, alpha-crystallin isoforms
A and B exist in a ratio of 2 to 3. Their role in the eye is to provide a structural
matrix and prevent protein misfolding. The inducible aggregation of the
insulin-B chain serves as a model to the protein aggregation that occurs in
the human lens over time. This protein aggregation contributes to lens opacity,
which is the beginning of cataract formation. In this study, we explore the ki-
netic and thermodynamics of such system in order to understanding the mech-
anism of alpha-crystallin chaperone function in insulin aggregation. Insulin
aggregation can be measured through light scattering. Our preliminary result
suggest a mechanism for aggregation in which a B-chain insulin dimer forma-
tion precedes aggregation and that alpha crystallin and insulin monomer form
a 2 to 1 complex that inhibits this aggregation. Thermodynamic and kinetic
constants will be presented for the purified alpha chrystallins as well as mix-
tures and bulk protein.
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Structural Metal Mediated Self Assembly of Collagen Mimetic A:B:C
Heterotrimer Peptides into Higher Oder Structures
Avanish S. Parmar1,2, Nida F. Hasan1,3, Vikas Nanda1,2.
1CABM, UMDNJ, Piscataway, NJ, USA, 2CABM, Rutgers University,
Piscataway, NJ, USA, 3University of Maryland, College Park, MD, USA.
Collagen is the most abundant protein in the human body with many favorable
properties making it an attractive target for biomaterials. Currently, animal de-
rived collagens are utilized in biomedical, cosmetics and for other applications.
But, they are costly to purify and risk of prior contamination. Synthetic colla-
gen can overcome some of these issues and potentially allow greater control of
material properties. Recently, collagen like homotrimer peptides has been uti-
lized to form metal trigger higher order structures. In this study we present the
case of a higher order structure formed by heterospecific A:B:C collagen likepeptides using a structural metal. Here using electrostatic interactions in con-
junction with the metal binding site to drive the formation of higher order as-
sembly of heterotrimer collagen like peptide. The assembled structures range
from particle to fibers to disks. We hypothesize that using these heterotrimer
peptides will allow control over the higher order structures and chemical func-
tionality of biomaterials. Also, the insight gain from this study will help to im-
prove the molecular design of biomimetic materials.
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Aggregation of Trp>Glu Mutants of the Human Gamma-D Crystallin: A
Model for Hereditary or UV-Induced Cataract
Eugene Serebryany1,2, Nathaniel Schafheimer1, Susan L. Lindquist1,2,
Jonathan A. King1.
1MIT, Cambridge, MA, USA, 2Whitehead Institute, Cambridge, MA, USA.
Cataract is a protein misfolding disorder resulting from formation of light-
scattering aggregates of proteins from the crystallin family. These long-lived
proteins account for 90% of all protein in the human eye lens. The gD crystallin
consists of two symmetrical domains, each of which has a duplicated Greek key
fold. Maintaining this topologically complex native fold of the gD crystallin is
essential for lens transparency. A number of point mutants in the gD crystallin
gene cause early-onset cataract. UV-B exposure accelerates cataract onset, and
UV irradiation of purified wild-type gD results in aggregation in vitro. A dis-
tinctive feature of the Greek key fold is the presence of highly conserved buried
tryptophans. Replacements of tryptophan by charged glutamate groups may
represent a model of UV-induced photodamage – introduction of a charged
group into the hydrophobic core generating ‘‘denaturation from within.’’ We
show that such Trp>Glu mutants can display vastly increased aggregation pro-
pensity under physiological conditions in vitro. Furthermore, a striking prop-
erty of these mutants is their ability to drive the wild-type protein into the
aggregated state. Domain swapping mechanisms can account for this aggrega-
tion behavior.
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Artificial Honeybee Silk: A Recombinant Protein as a Biomimetic
Structural Material
Jeffrey S. Church1, Mickey G. Huson1, Tara D. Sutherland2.
1CSIRO Materials Science and Engineering, Belmont, Australia, 2CSIRO
Ecosystem Sciences, Acton, Australia.
Honeybee larvae produce silken cocoons that provide mechanical stability to
the hive. The silk proteins are small and non-repetitive and therefore can be
produced at large scale by fermentation in E. coli. Recombinant silk proteins
which have a coiled coil structure can be fabricated into a range of forms in-
cluding sponges and fibers. The resultant material is soluble in water and re-
quires a post-production stabilizing treatment. Aqueous methanol treatment
induces the formation of a stabilizing ß-sheet structure,
with the amount of ß-sheet being controlled by time or
methanol concentration. Dry heat treatment at 190C
also produces a water insoluble material but without sig-
nificant secondary structural changes. Honeybee silk pro-
teins are particularly high in lysine, serine, threonine,
glutamic acid and aspartic acid. The stability of the
heat treated material is attributed to the generation of co-
valent cross-links including lysinoalanine and isopeptide
groups. The unique ability to stabilize material by con-
trolling secondary structure rearrangement and covalent
cross-linking allows us to design recombinant silk mate-
rials with a wide range of properties and potential
applications.
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Self-Replicating Amyloid-Beta Oligomers Open Doors to New Molecular
Mechanisms in Alzheimer Disease
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Aggregates of amyloid-b (Ab) peptides have been implicated in the etiology of
Alzheimer disease (AD). Among the different forms of Ab aggregates, low mo-
lecular weight species ranging between 2- and 50-mers, also called ‘‘soluble
oligomers,’’ have emerged as the species responsible for early synaptic dys-
function and neuronal loss. Emerging evidence suggests that the neurotoxic
oligomers need not be formed along the obligatory nucleation-dependant fibril
formation pathway. In our earlier work, we reported the isolation of one such
‘‘off-pathway’’ 12–18-mer species of Ab42 generated from fatty acids called
large fatty acid-derived oligomers (LFAOs) (Kumar, A., Bullard, R. L., Patel,
P., Paslay, L. C., Singh, D., Bienkiewicz, E. A., Morgan, S. E., and Rangachari,
Sunday, February 3, 2013 49aV. (2011) PLoS One 6, e18759). Here, we present the physiochemical aspects
of LFAO-monomer interactions and its implications to AD. We discovered that
LFAOs are a replicating strain of oligomers that recruit Ab42 monomers and
quantitatively convert them into LFAO assemblies at the expense of fibrils,
a mechanism similar to prion propagation. These results further support the hy-
pothesis that low molecular weight oligomers can be generated via non-fibril
formation pathways. This unique self-replicating property of LFAOs has
opened doors towards mechanisms that may be of profound significance for
Alzheimer disease pathology.
250-Pos Board B19
Structural Evolution of Oligomeric Vs. Oligomer-Free Amyloid Fibril
Growth
Martin Muschol, Shannon E. Hill, Marissa Ciesla, Rhonda Robeel,
Tatiana Miti, Joseph Foley, Christopher Persichilli, Mentor Mulaj,
Rachel Raynes, Sandy Westerheide.
University of South Floriday, Tampa, FL, USA.
Deposition of disease-specific proteins or protein fragments as fibrillar aggre-
gates is the molecular hallmark of both neuropathic and systemic human dis-
eases, including Alzheimer’s disease, type II diabetes or rheumatoid arthritis.
While the cross-b sheet architecture of mature fibrils is firmly established, in-
sights into the structural features of intermediates formed transiently fibril as-
sembly has been hampered by their intrinsic metastability. We show here that
correlated thioflavin T (ThT) fluorescence and light scattering measurements
and infrared spectroscopy can be used to monitor the structural evolution of
amyloid intermediates of lysozyme emerging along an oligomer-free vs. olig-
omeric assembly pathway. While ThT fluorescence responded to all genera-
tions of transient intermediates, it did so with very different efficacies for the
two different assembly pathways. Correlating ThT responses against light scat-
tering indicated that the observed differences in ThT responses results from in-
trinsic differences (binding affinity, quantum yield) of ThT interactions with
intermediates and mature fibrils in different pathways. Infrared spectroscopy
confirmed that both assembly pathways result in the formation of cross-beta
sheet structures early on. At the same time, there were reproducible spectral dif-
ferences across these two pathways. All these pathway specific features
emerged upon formation of the earliest intermediates and persisted up to
late-stage fibrils. We confirmed that neither the existence of these two pathways
nor their specific structural features were affected by the hydrolysis of lyso-
zyme that occurs at highly acidic growth conditions. These observations imply
that intermediates along different assembly pathways are not just morphologi-
cally but also structurally distinct and that these pathway-specific structural
motifs become established during the very earliest aggregation events.
This research was supported by a grant from the Neuroscience Collaborative at
USF and NIH grant GM097723 (M. M.)
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Structural Characterization of Insulin Fibril Surfaces using Tip Enhanced
Raman Spectroscopy (TERS)
Dmitry Kurouski1, Tanja Deckert-Gaudig2, Volker Deckert2,3,
Igor K. Lednev1.
1SUNY at Albany, Albany, NY, USA, 2Institute of Photonic Technology,
Jena, Germany, 3Institute for Physical Chemistry, Jena, Germany.
Amyloid fibrils are protein aggregates that are strongly associated with a variety
of highly pathogenic diseases, such as Alzheimer’s disease, Creutzfeldt-Jakob
disease, Parkinson disease, etc. Direct studies of fibril surfaces become crucial
for the understanding of the toxicity and pathogenity of amyloid fibrils, first of
all, due to their direct contact with the aqueous media. Tip-enhanced Raman
spectroscopy (TERS) is one of very few techniques, which allows to probe
the fibril surface directly and with high spatial resolution.1 Our current findings
indicate that surface of insulin fibrils is highly heterogeneous.2 More than 30%
of the fibril surface is dominated by b-sheet, while the rest of it is composed of
a-helix and unordered protein secondary structures. The propensity of various
amino acids on the fibril surface and specific surface secondary structure ele-
ments were evaluated. b-sheet areas are rich in cysteine and aromatic amino
acids, such as phenylalanine and tyrosine, whereas proline was found only in
a-helical and unordered protein clusters. In addition, we showed that carboxyl,
amino and imino groups are nearly equally distributed over b-sheet and a-he-
lix/unordered regions. Overall, this study provides valuable new information
about the structure and composition of the insulin fibril surface and demon-
strates the power of TERS for fibril characterization.
(1) Deckert-Gaudig, T.; Ka¨mmer, E.; Deckert, V. J. Biophotonics 2012, 5, 215-
219.
(2) Kurouski, D.; Deckert-Gaudig, T.; Deckert, V.; Lednev, I. K. J. Am. Chem.
Soc. 2012, 134, 13323-13329.252-Pos Board B21
Sequence and Structural Modulators of Elastin Assembly and Mechanical
Properties
Lisa D. Muiznieks, Eva Sitarz, Sean Reichheld, Ming Miao, Fred W. Keeley.
The Hospital For Sick Children, Toronto, ON, Canada.
Elastin is the self-assembling extracellular matrix protein that provides elastic-
ity to tissues. A fundamental requirement for forming elastomeric materials is
retention of a high degree of conformational disorder even when aggregated.
Elastin disorder is strongly related to a high (50%) combined proportion of pro-
line and glycine residues within hydrophobic domains. The majority of elastin
hydrophobic domains have an average proline spacing of 4-8 residues. How-
ever, the native sequence of hydrophobic domain 30 (D30) is uncharacteristi-
cally proline-poor. Here we investigated the contribution of D30 and variants
to the self-assembly and material properties of elastin-mimetic biomaterials.
Addition of native D30 substantially stabilized the surface of assembled aggre-
gates compared to proline-rich controls, suggesting the potential for interfacial
order in mediating droplet growth, rigidity and interactions. Materials were
stiffer, consistent with a greater number
of contacts between monomers, were less
resilient, and displayed less internal resis-
tance to force. Conversely, mechanical
properties were restored upon addition of
the longer and glycine-rich rat D30, sug-
gesting an important contribution to con-
formational entropy from domain length
and high glycine content. Taken together,
we hypothesize structured motifs and
cross-linking density play key roles in
modulating elastin assembly and
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Anisotropic Models of Charged Protein Solutions
Travis A. Hoppe, Allen Minton.
National Institutes of Health (NIH NIDDK), Bethesda, MD, USA.
We are currenctly developing a hybrid theoretical and numerical model for ag-
gregate statistics of protein solutions as a function of ion density and pH. Our
goal is to create a coarse-grained description, a qualitative model that captures
the fundamental properties for a wide class of systems. We concentrate on mod-
eling the field of inter-protein electrostatic interactions. There are numerous
ways of doing this, all involving different levels of discretization and approx-
imation to the fields and forces involved.
We use a non-linear Poisson-Boltzmann equation to fit a (small) set of discre-
tized ‘‘macro-charges’’, a new fit for each solvent and pH. The idea is that these
‘‘toys’’ will give a rough idea of the thermodynamic quantities of a protein so-
lution in bulk, pointing the way for more detailed experiments both in vivo and
in silico. Many typical treatments for a large number of particles consider either
an isotropic contribution or an all atom-approach (with fewer particles). We
seek the median of these extremes to capture a bit more realism without ex-
pense of the models simplicity. Once the field has been approximated we run
a battery of Monte-Carlo experiments to determine thermodynamic variables
(such as the average energy, specific heat and the second virial coefficent).
Qualitative structural parameters, such the radial distribution function are cal-
culated and correlated to small angle scattering experiments.
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Non-Native Structural Properties of the Glaucoma-Associated
Olfactomedin Domain of Myocilin Lead to Amyloid Fibrils
Shannon E. Hill1, Leigh M. Stafford2, Pamela V. Chi1,
Raquel L. Lieberman1.
1Georgia Institute of Technology, Atlanta, GA, USA, 2Rowan University,
Glassboro, NJ, USA.
Approximately 4% of adult-onset and 10-33% of juvenile-onset primary open
angle glaucoma cases are caused by mutations in the gene encoding for myo-
cilin. The vast majority of mutations are within the 30 kDa C-terminal olfacto-
medin (OLF) domain. Disease-causing myocilin variants aggregate within
human trabecular meshwork (HTM) cells instead of secretion to the extracellu-
lar matrix. This accumulation taxes the cells and leads to HTM cell death, re-
sulting in increased intraocular pressure, and a hastening of glaucoma-
associated vision loss. In spite of reports on the intracellular accumulation of
myocilin in HTM cells and model organisms, these aggregates have not been
structurally characterized. Our lab recently provided biophysical evidence for
the hallmarks of amyloid fibrils in aggregated forms of WT and mutant myo-
cilin localized to the C-terminal OLF domain (myoc-OLF). Under mildly
